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TITLE 

Pad structure for bonding pad and probe pad and manufacturing 

method thereof 

Field of the Invention 

The present invention relates to an integrated circuit 
device structure, and more particularly to a mark-shaped pad 
structure for a bonding pad and a probe pad. 
BACKGROUND OF THE INVENTION 

After integrated circuits are formed on a semiconductor 
wafer, the top metal layer is defined as a plurality of 
bonding pads to form a multi- layered wiring with the metal 
lines below. The wafer is then cut into dies for further IC 
chip electronic packaging. 

In the electronic packaging of an IC chip, the dies cut 
from the wafer are bonded to a lead frame with a bonder, and 
the bonding pads on the IC chip are electrically connected 
with corresponding electrical leads on the lead frame by wire 
bonding. In other words, the bonding pads on IC chips are 
the interface between the integrated circuits on the 
semiconductor substrate and the packaging leads on the lead 
frame to connect electrical signals. The electrical signals 
can be power signals, ground signals, and/or input/output 
signals . 

Conventionally, the active devices, e.g., MOS transistors 
or resistances, are laid on the central area (active area) of 
an IC chip and bonding pads are disposed around the active 
area to protect the active devices on the active area from 
damage during wire bonding. In some cases, bonding pads are 
laid on the central area of IC chip and active devices are 
disposed around the bonding pads for the same reason. 

The conventional shape of a bonding pad is a square or a 
rectangle. FIG. 1 shows a conventional die array on a wafer. 
There are scribe lines 16 on a wafer 10 to define several die 
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areas, e.g. 12A and 12B, and the wafer 10 is cut into dies 
along the scribe lines 16. There are alignment markers (e.g. 
14A-14C) disposed at corners of the die areas 12A and 12B on 
the scribe lines 16 for cutting alignment. For the intact 
die area 12A, the dicing machine cuts the die area 12A from 
the wafer 10 by aligning with the markers 14A and 14B which 
are disposed along the diagonal line of area 12A. However, 
for the fragmental die area 12B, there is no corresponding 
diagonal markers on scribe lines for alignment, and 
therefore, there is difficulty cutting die area 12B. 

FIGS. 2A and 2B show a conventional design of bonding 
pads. In FIG. 2A, the rectangular bonding pads 22A with 
equal size are disposed along the two longer sides of the 
rectangular chip 2 OA which is cut from a wafer. Another 
bonding pad design is shown in FIG. 2B. The rectangular 
bonding pads 22B with equal size are disposed on the central 
area of the rectangular chip 20B which is also cut from a 
wafer. The electrical layout in the chip 2 OA or 2 OB is 
predetermined and the bonding pads 22A or 22B on the IC chip 
2 OA or 2 OB respectively are wire bonded with corresponding 
electrical leads on a lead frame according to the interior 
layout. However, it is hard to identify the bonding 
orientation of a chip and the leads on a lead frame because 
the IC chips 2 OA and 2 OB are rectangular and the bonding pads 
22A and 22B are disposed on the IC chips 20A and 20B 
symmetrical ly . 

The same orientation problem occurs on probe pads. The 
probe pads are disposed in certain positions on a circuit for 
in-line monitoring or checking the electrical performance of 
the circuit design. FIG. 3 shows the conventional design for 
probe pads. There are several tiny probe pads 36 disposed in 
a certain circuit 34 on IC chip 30. The inspector measures 
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the probe pads 36 on the circuit 34 by using a micro-probe 
under a microscope to obtain the electrical data . 

Since the square- shaped probe pads on the circuit are 
very tiny (e.g., 5x5|Jm) , it is hard and time consuming for an 
inspector to identify the layout orientation between the 
probe pads 36 on the circuit 34 under a microscope. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a 
bonding structure which is used as an orientation marker for 
wire bonding and a manufacturing method thereof. 

Another object of the present invention is to provide a 
bonding pad structure which can be an alignment marker for 
wafer dicing. 

Still another object of the present invention is to 
provide a mark- shaped pad structure for probe pads as 
position markers to identify the orientation of the checking 
circuits . 

To achieve the above-mentioned object, the present 
invention provides a bonding pad structure disposed on the 
surface of a semiconductor substrate with a circuit therein 
and a manufacturing method thereof . The structure comprises 
a bottom metal layer disposed over the surface of the 
semiconductor substrate to connect the circuit electrically, 
an inter-metal dielectric layer disposed over the bottom 
metal layer, a plurality of metal plugs formed therein to 
connect with the bottom metal layer below, a top metal layer 
disposed over the inter-metal dielectric layer connecting 
with the metal plugs, and a passivation layer disposed over 
the top metal layer with a plurality of openings to expose 
the top metal layer portions as bonding pads, wherein at 
least one bonding pad is mark- shaped to indicate the 
orientation of the bonding pads on the semiconductor 
substrate . 
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According to the present invention, the shape of the 
mark- shaped bonding pad on the above bonding pad structure 
can be, for example, a M [£h" shape, a XX [H]" shape, a cross shape 

or a M A" " shape. 

5 According to the present invention, the top metal and the 

bottom metal layers on the bonding pad structure can be, for 
example, an alloy of aluminum and copper or an alloy of 
aluminum, copper and silica. The inter-metal dielectric 
layer can be silicon oxide and the passivation layer can be 
10 silicon oxide or borophosphosilicate glass and silicon 
nitride . 

The mark- shaped bonding pads on a wafer can be used as 
alignment markers for wafer dicing. The dicing machine can 
cut dies from a wafer by aligning with the mark- shaped 

15 bonding pads on the wafer surface. When the dies are cut 

from the wafer for further wire bonding, the orientation of 
circuits in the dies can be easily identified according to 
the mark- shaped bonding pads on the die surface. 

A probe pad with a mark- shape is further provided 

20 according to the present invention. The probe pad is 
disposed on a semiconductor circuit for electric 
characteristic measurement which has a mark- shape to indicate 
the relative location of the probe pad on the semiconductor 
circuit . 

25 According to the present invention, the shape of the 

mark-shaped probe pad on the semiconductor circuit can be, 
for example, a u ib" shape, a U G3" shape, a cross shape u +" or 

a * shape. The probe pad can be, for example, an alloy of 
aluminum and copper or an alloy of aluminum, copper and 
30 silica. 

An inspector can easily identify the orientation of the 
target circuit under a microscopic with the mark- shaped probe 
pads according to the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description given herein below and the 
accompanying drawings, given by way of illustration only and 
thus not intended to be limitative of the present invention. 
In the drawings, 

FIG. 1 schematically shows a conventional die array on a 
wafer; 

FIGS. 2A and 2B schematically show the conventional 
design of bonding pads (a plan view) ; 

FIG. 3 schematically shows the conventional design for 
probe pads (a plan view) ; 

FIG. 4 schematically shows a bonding pad structure 
according to one embodiment of the present invention; 

FIGS. 5A-5D schematically show the shapes of bonding pads 
(a plan view) according to one preferred embodiment of the 
present invention; and 

FIG. 6 schematically shows a probe pad (a plan view) 
according to one embodiment of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

This invention will be described in further detail by way 
of example with reference to the accompanying drawings. 

FIG. 4 is a cross-sectional view showing a bonding pad 
structure according to one embodiment of the present 
invention. A bonding pad structure is formed on the surface 
of a semiconductor substrate 40 with a circuit (not shown) 
therein. A bottom metal layer 42 is disposed over the 
surface of the semiconductor substrate 40 and connected with 
the circuit electrically on the semiconductor substrate 40. 
The preferred bottom metal layer 42 is an alloy of aluminum 
and copper or an alloy of aluminum, copper and silica. An 
inter-metal dielectric layer 44 is then disposed over the 
bottom metal layer 42. A plurality of metal plugs 46 is then 
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formed in the inter-metal dielectric layer 44 to connect with 
the bottom metal layer 4 2 in below. The inter -metal 
dielectric layer 44 can be, but is not limited to, silicon 
oxide . 

A top metal layer 4 8 is disposed over the inter-metal 
dielectric layer 44 and connected electrically with the metal 
plugs 46 in the inter-metal dielectric layer 44. A preferred 
top metal is an alloy of aluminum and copper or an alloy of 
aluminum, copper and silica. A passivation layer 49 is 
disposed over the top metal layer 48. A plurality of 
openings is defined thereon to expose the top metal portions 
below (e.g. 40x40jxm per opening) as bonding pads 50 for wire 
bonding. The passivation layer 49 can be a silicon oxide 
layer or a layer of borophosphosilicate glass (BPSG) and 
silicon nitride. At least one opening 50 is defined as a 
certain shape to form a mark- shaped bonding pad on the 
semiconductor substrate 40. For example, in having at least 
one mark- shaped bonding pad on the semiconductor substrate 
40, it can be used to indicate the orientation of the circuit 
in the semiconductor substrate 40. 

The preferred shapes of the mark- shaped bonding pads 
formed on the semiconductor substrate 40 are shown in FIGS. 
5A to 5D (plan views) . The mark- shaped bonding pad on a 
rectangular semiconductor substrate 4 0 can be a shape 
50A as FIG. 5A shows, a "[HI" shape SOB as FIG. 5B shows, a 

cross shape w +" 50C as FIG. 5C shows or a " shape as FIG. 
SOD shows. 

According to the present invention, there are two 
advantages of the mark-shaped bonding pads 50A to SOD that 
have special shapes other than conventional rectangular 
bonding pads on the semiconductor substrate 40. One 
advantages is the mark- shaped bonding pads 50A to SOD can be 
used as alignment markers for wafer dicing. In addition to 
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conventional markers on scribe lines, a dicing machine can 
cut dies from a wafer by aligning the mark- shaped bonding 
pads on the wafer surface, especially when cutting the 
fragmental portions of a wafer. 

Another advantage of the mark- shaped bonding pads in the 
present invention is that it is easy to identify the 
orientation of the rectangular semiconductor substrate 4 0 
with the mark- shaped bonding pads BOA to SOD. As shown in 
FIGS. SA-BD, there are bonding pads lined up in a row on the 
surface of the rectangular semiconductor substrate 40. There 
is difficulty identifying the orientation of the rectangular 
semiconductor substrate 4 0 only with the rectangular bonding 
pads 51. However, it is easy to identify the orientation of 
the rectangular semiconductor substrate 4 0 according to the 
invention by defining a least one bonding pad as a mark- 
shaped bonding pad, e.g. bonding pads S0A-B0D. 

Therefore, the relative position between the mark- shaped 
bonding pads BOA -BOD and the other normal rectangular 
bonding pads denotes the orientation of circuits in the 
semiconductor substrate 40. Although the circuits layout 
cannot be seen from the surface of the rectangular 
semiconductor substrate 40 , the orientation of the circuits 
can still be identified according to the mark-shaped bonding 
pads on the surface, which makes wire bonding easier to 
connect the interior circuit by bonding the bonding pads with 
corresponding leads on a lead frame. 

According to the present invention, a probe pad is 
further provided. FIG. 6 shows a schematic plan view of a 
probe pad design according to one embodiment of the 
invention. There is a mark- shaped bonding pad 50 disposed on 
the surface of a rectangular semiconductor chip 4 0 to 
indicate the substrate 4 0' s orientation and there is a 
checking area 62 on the semiconductor chip 40. A plurality 
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of mark- shaped probe pads is disposed on certain circuits 
inside the checking area 62, e.g. a shape probe pad 60A 

or a " shape probe pad 60B. The preferred probe pads can 
be, for example, an alloy of aluminum and copper or an alloy 
of aluminum, copper and silica. 

The electric performance of certain circuits on the 
checking area 62 is obtained by removing the surface of the 
area 62 and then measuring the interior probe pads with a 
micro-probe under a microscope. Since the microscope 
magnifies the scale of the checking area 62, an inspector can 
clearly identify the orientation of the checking area 62 
according to the mark- shaped probe pads 6 OA or 6 OB on the 
checking circuits. According to the present invention, it is 
easier to identify the circuit orientation with the mark- 
shaped probe pads than the conventional rectangular probe 
pads on the checking circuits, and therefore, the in-line 
monitoring or electrical checking of the circuits are more 
efficient . 

The mark- shaped pads according to the present invention 
can be applied on a bonding pad structure on the surface of a 
semiconductor chip or a probe pad on a circuit . A bonding 
pad structure with at least one mark- shaped pad can be used 
as an alignment marker of wafer dicing and/or an indicator of 
chip orientation in wire bonding. Mark-shaped probe pads on 
circuits of a checking area can be used as indicators showing 
the relative positions with each other. 

The foregoing description of the preferred embodiments of 
this invention has been presented for purposes of 
illustration and description. Obvious modifications or 
variations are possible in light of the above teaching. The 
embodiments were chosen and described to provide the best 
illustration of the principles of this invention and its 
practical application to thereby enable those skilled in the 
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art to utilize the invention in various embodiments and with 
various modifications as are suited to the particular use 
contemplated. All such modifications and variations are 
within the scope of the present invention as determined by 
5 the appended claims when interpreted in accordance with the 
breadth to which they are fairly, legally, and equitably 
entitled. 
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